Smoke produced in cashew processing factories during roasting of the seed contains toxic chemicals which have adverse health effects on workers exposed to it. This study investigated the effect of cashew seed fume on lactate dehydrogenase (LDH) activity, methemoglobin (Hi), carboxyhemoglobin (HbCO) and sulfhemoglobin (SHb) in the blood of rats exposed to cashew seed fumes (CSF), via the dynamic exposure system. Eighteen (18) male albino rats were used; they were divided into three groups of six animals each as: control, rats exposed for two (2) hours and rats exposed four (4) hours for five days. The results showed that serum level of LDH in rats exposed to CSF was significantly (P < 0.05) increased compared with the control rats. The %SHb and %HbCO in the blood of rats exposed to CSF were significantly (P < 0.05) increased compared with the control rats. However there were no significant (P > 0.05) differences in the % methemoglobin level of rats in all groups. This study revealed that exposure to CSF may have adverse effects on the lungs and may also result in system poisoning. This should be a cause of concern for industrial regulatory bodies who should regulate the safety of cashew factory workers.
Introduction
The cashew (Anacardium occidentale) is a tree in the family of the flowering plant Ancardiaceae. The family contains 73 genera and about 600 species. Anacardium contains 8 species, native to tropical America, of which the cashew is by far the most important, economically [1] . It is a multipurpose tree of the Amazon that grows up to 15 m high [1] [2] . The cashew tree produces many resources and products. The bark and leaves are used medicinally. Almost all parts of cashew tree are reported to have ethno-medicinal properties [1] . The cashew nut is the fruit of the cashew tree; the cashew nut has international appeal and market value as food. Even the shell oil around the nut is used medicinally and has industrial applications in plastics and resin industries for its phenol content. The pseudo-fruit, a large pulpy and juicy part, has a fine sweet flavour and is commonly referred to as the "cashew fruit" or the "cashew apple" [3] .
Cashew nuts can be extracted from cashew seeds by two main methods: oil bath and steaming method. The cashew kernel is embedded in a double-walled husk that contains toxic substances. During kernel extraction (dehusking), the husk is broken and releases Cashew Nut Shell Liquid (CNSL), a caustic and poisonous substance which has a harmful effect on the skin [4] as seen in countries where kernels are hand-extracted. Studies revealed that CNSL consists of cardanol (60% -65%), cardol (15% -20%) [5] , polymeric material (10%), and traces of 2-methylcardol. The natural (cold extracted) consists of: 70% anacardic acid, 8% cardol, and 5% cardanol, with the remainder being made up of other phenols and less polar substances. The nuts within which is the kernel must be roasted to get rid of poisonous substances [6] . Burning of cashew nut shell which holds about 30% of CNSL of its total weight in furnaces produces excessive heavy dark smoke with particulate matter. This is expected considering the high concentration of carbon in the various CNSL. Fumes arising from the nuts during roasting may be irritating to the face, nostrils, and throat. The oil exuding from the nuts is very caustic and may cause skin brown marks like warts, swelling, and inflammation [7] . The mucous membranes of the mouth and throat are severely affected when it comes into contact with shell oil or the irritating fumes emitted during roasting. Pollution to the environment derived from this practice is quite profound; the smokes contaminate air and the wastewater released into the environment is also a source of contamination. Some of the pollutants expected from burning cashew shells include mainly, Carbon particles, Carbon monoxide, Nitrogen oxides and hydrocarbon residues. In the presence of sunlight, this mixture may produce ozone and chemical smog as secondary pollutants [8] .
This study therefore evaluates the effects of cashew seed fumes (CSF) on methemoglobin, carboxyhemoglobin, sulfhemoglobin in the blood and lactate dehydrogenase activity in the serum of in albino rats.
Materials and Methods

Plant Material
Samples of A. occidentale were collected obtained from Oja-Oba market in Owo, Ondo State, Nigeria. The cashew nut was separated from the cashew apple stalk; the nuts were dried in the sun and stored under open air condition.
Experimental Animals
Twenty-four male albino rats (100 -150 g) were purchased from the Department of Biochemistry, Faculty of life sciences, University of Benin, Benin City. The rats were housed and maintained under standard conditions (12 h light/dark cycles). Food (pellet from Animal care limited, Nigeria) and tap water was given ad libitum. The animals were care for in accordance with the recommendations provided in the "Guide for the Care and Use of Laboratory Animals" prepared by the university.
Experimental Protocols
The rats (18) were divided into three groups containing six animals each as follow:
Group 1-control (6 rats); Group 2-rats (6 rats) exposed to cashew fume for 2 hrs per day for 5 days; Group 3-rats (6 rats) exposed to cashew fume for 4 hrs per day for 5 days. 
Experimental Set-Up
The rats were exposed to cashew seed fume via inhalation for 5 days. The system consisted of a whole body exposure chamber (1 m 3 ) with an air inlet at the top and air exhaust at the bottom of the chamber, following the dynamic method described by Silver [9] where there is a continuous flow of air through the chamber. Dynamic exposure systems are characterized by a continuous replacement of chamber air and test material. Inside the chamber animals were housed individually in a wire mesh unit. The fumes were introduced into the chamber using a gas pipe. For the exposure procedure rats in each group were placed in the chamber, the fumes were introduced into the chamber through a gas pipe connected to a sealed roasting can. The test groups were exposed to 200 gramms of cashew seed per hour. Cage side examination was performed at 1 hour interval to detect signs of toxicity such as chewing jaw movements, squinting, writhing, convulsion, yellowing of fur, restlessness, erection of fur, vocalization, exophthalmia, and behavioral abnormalities or even death.
Collection of Blood Samples
The experiment lasted for 5 days. At the end of the experimental period, the rats were sacrificed and blood samples were collected through heart puncture. The blood samples were collected into EDTA tubes for determination of methemoglobin, carboxyhemoglobin and sulfhemoglobin. Plain bottles were used to obtain serum which was centrifuged at 2500 rpm for 15 min at a temperature of 4˚C; it was further assayed, for the determination of Lactate dehydrogenase activity.
Biochemical Analysis
Determination of Blood Methaemoglobin (Hi) Levels
Using the method described by Barbara et al. [10] (0.2 mls) of bloodwas lysed in 4 mls of buffer (0.1 mol/l Na 2 HPO 4 /KH 2 PO 4 ) and 6 mls of detergent solution (10 ml/L of Triton X-100). The lysate was divided into two equal volumes (A and B). The absorbance of A was measured at 630 nm as D 1 . One drop of potassium cyanide (50 g/l) was added the absorbance was read at 630 nm as D 2 . One drop of potassium ferricyanide (50 g/l) was added to solution B, and the absorbance was measured after 5 minutes at the same wavelength as D 3 . One drop of potassium cyanide was added to solution B and the absorbance measured as D 4 . All measurements were made against a reagent blank containing the buffer and detergent in the same proportion as present in the sample. The % Hi concentration is calculated as:
The tests were carried out within 1 h of blood samples collection.
Determination of Blood Carboxyhaemoglobin (HbCO) Levels
Blood (0.1 ml) was diluted in 20 mls of 0.4 ml/L ammonia and divided into two parts. To each 20 mg of sodium dithionite was added, the absorbance was read at 538 nm and 578 nm within 10 minutes. The % HbCO was calculated as described by Barbara et al. [10] { } 538 578 % 2.44 A 2.68
Determination of Blood Sulfhemoglobin (SHb) Levels
Following the method of Barbara et al. [10] , 10 mls of (20 ml/l) of Triton X-100 was added to 0.1 ml of blood. The absorbance (A) was read at 620 nm (total Hb). One drop of 50 g/l of potassium cyanide was added the solution was allowed to stand for 5 minutes. Absorbance A was read at 620 nm and at 578 nm. The % SHb was calculated as:
( ) 
Determination of Lactate Dehydrogenase Activity
The activity of Lactate Dehydrogenase (LD) concentration in the serum of experimental rats was determined using the UV method according the recommendations of the Deutsche Gesellschaft furKlinische Chemie [11] using diagnostic kits obtained from Randox Laboratories, UK.
Statistical Analysis
Values are expressed as the mean ± SD. Results were statistically analyzed by one-way analysis of variance (ANOVA) for differences between means of different groups. All data were analyzed using SPSS statistical package (SPSS Inc.) version 13.0. Table 1 shows the % Methemoglobin (Hi), Carboxyhemoglobin (HbCO), and Sulfhemoglobin (SHb), concentrations in the blood of experimental rats. There was an increase in the blood methemoglobin levels of rats exposed to cashew seed fumes compared with the control group, although the increase was not significantly (p > 0.05) different from the control group. As shown in the table, there was a significantly (p < 0.05) higher level of blood carboxyhemoglobin in rats exposed to cashew seed for 4 hrs for 5 days compared with those exposed for 2 hrs for 5 days and the control groups. Although the 2 hrs/day exposed groups showed an increase in the carboxyhemoglobin level from that of the control, the difference was not significant (p > 0.05). The blood sulfhemoglobin level of cashew seed exposed groups were significantly higher (p < 0.05) compared with the control group, the sulfhemoglobin levels in the exposed groups were dose dependent. Table 2 presents the results of lactate dehydrogenase (LDH) activity of in the serum of experimental rats. The result revealed activity of LDH was significantly (p < 0.05) higher in the serum of rats exposed to cashew seed fume at 2 hours and 4 hours daily when compared with the control.
Results
Discussion
Methemoglobin (Hi) is a form of the oxygen-carrying metalloproteinase hemoglobin, in which the iron in the Table 1 . % Methemoglobin (Hi), carboxyhemoglobin (HbCO), sulfhemoglobin (SHb), in the blood of experimental rats. heme group is in the Fe 3+ (ferric) state, not the Fe 2+ (ferrous) of normal hemoglobin. Methemoglobin cannot bind oxygen, unlike oxy-hemoglobin [12] . An excessive amount of Hi occurs as a result of oxidation of haemoglobin (Hb) by drugs and chemicals such as phenacetin, sulphonamides, aniline dyes, nitrates and nitrites. Methemoglobinemia can cause cyanosis [10] . As shown in Table 1 , the result of revealed that the % methemoglobin concentration in the blood of rats exposed to CSF was slightly higher compared with the control group, although the differences was not statistically significant, This may be due to competitive binding of oxygen to haemoglobin which may have converted Fe 3+ to Fe 2+ hence leading to a reversal of the methemoglobin level in the blood of the experimental rats or due to action of methemoglobin reductase responsible for converting methemoglobin back to hemoglobin.
Sulfhemoglobin pigment is a greenish derivative of hemoglobin which cannot be converted back to normal, functional hemoglobin. It is a rare blood condition that occurs when a sulfur atom is incorporated into the hemoglobin molecule. When hydrogen sulfide (or sulfide ions) combines with ferric ions in the blood, the blood is incapable of carrying oxygen. Sulfhemoglobin causes cyanosis even at low blood levels [13] . The result revealed that % sulfhemoglobin concentration in the blood of rats exposed to cashew seed fume was significantly increased when compared with the control. This may be due to the irreversible binding of sulfur to hemoglobin in the exposed rat.
Carboxyhemoglobin (HbCo) is a stable complex of carbon monoxide and hemoglobin that forms in red blood cells upon contact with carbon monoxide [14] . Carbon monoxide binds hemoglobin at the same sites as oxygen but with a higher affinity than oxygen [15] , hence it cannot be released easily thus leading to accumulation of carbon monoxide. Carbonmonoxide is produced during normal metabolism, but carbon monoxide inhalation raises the blood levels of HbCO severally from its normal concentrations. The significant increase in the % HbCO concentration in the blood of exposed rats may be due to inhalation of carbon particles, carbon monoxide and hydrocarbon residues released during the roasting of cashew seed. Large quantities of carbonmonoxide hinder the ability of hemoglobin to deliver oxygen to the body [16] , and this leads to oxygen deprivation in the body causing tiredness, dizziness, and unconsciousness.
Lactate dehydrogenase (LDH) is a cytoplasmic enzyme present in essentially all major organs of the body. The extracellular appearance of LDH is used to detect cell damage or cell death [17] . LDH is released into the peripheral blood after cell death caused either by exposure to bacterial toxins, chemical poisonings, ischaemia, excess heat or cold, starvation, dehydration, injury, and after ingestion of certain drugs [18] , as shown in Table  2 , the LDH activities of exposed rats was significantly increased compared with control, this may be due to chemical poisoning of the blood resulting from exposure to carbon particles, carbon monoxide, nitrogen oxides and hydrocarbon residues released during the roasting of cashew seed. The increased activity of LDH is implicative of myocardial infarction and or hepatic injury [19] [20].
Conclusion
Cashew seed fume is unhealthy and its inhalation especially for a long period of time could be very toxic as revealed by the significant increased concentration of carboxyhemoglobin, sulfhemoglobin in the blood and the significant increased activities of lactate dehydrogenase activity in the serum of exposed rats. Processing of cashew nuts locally should be discouraged by the community and prohibited by the government, while industrial production of cashew nuts should be properly looked into by the government to ensure that the workers are adequately safe and protected from exposure to cashew seed fume. Further studies should be carried out to determine the effects of cashew seed fume exposure on humans.
